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Abstract 


A  linear  combination  of  atomic  orbitals  treatment  of  the  22 
framework  atomic  orbitals  and  16  frameworic  electrons  of  decaborane-l4 
yields  eigjht  bonding  molecular  orbitals  with  energies  between  -l4,0  ev 
and  -11,1  ev,  i\n  electron  population  analysis  yields  a  charge  of  +0,4le 
on  boron  atoms  6  and  9,  +0,01e  on  5|7,8,  and  10,-0, lOe  on  1  and  3»  and 
-0,33e  on  2  end  4,  Tliis  charge  distribution  agrees  satisfactorily  with 
the  charge  distribution  inferred  from  the  reactions  of  decaborane-l4  and 
gives  a  dipole  moment  of  7,3  D,  If  -0,2e  is  assigned  to  each  bridge 
hydrogen,  the  dipole  moment  becomes  3,8  D,  compared  with  the  experimental 
value  of  3.5  D,  The  polarizations  of  the  first  Wo  allowed  electronic 
transitions  agree  with  the  observed  polarization,  and  the  energy  of  the 
highest  filled  molecular  orbital  agrees  satisfactorily  vdth  the  observed 
ionization  energy. 


I  Introduotion 


The  molecular  structures  of  ^4^0*  ^^^9*  ^9^1*  ^6%0'  ^9^5 

and  are  well  knovn^,  having  been  determined  by  means  of  X>ray  or 

electron  diffraotion.  Eaoh  of  these  compounds  is  characterized  by  the 
presence  of  bridge  hydrogen  atom*  and  by  an  overall  defloien^  of  electrons. 

The  bridge  hydrogens  are  looatedt  symmetrically  or  unsymmetrioally,  in  the 
Immediate  vloini'fy  of  two  boron  atoms,  axxd  are  presumably  bound  in  some 
fashion  to  eaoh.  In  the  oase  of  ^2^6  theory  and  experiment^  indicate 
that  the  bridge  hydrogens  are  slightly  negatively  charged.  The  eleotron 
deflelenoy  arises  because  there  are  more  atomic  orbitals  than  eleotrons 
available  for  bonding  since  eaoh  boron  atom  oontributes  four  atomic  orbitals 
but  only  three  electrons.  Also  each  boron  atom  is  surrounded  by  m  nany 
as  six  nearest  nel^bors  so  there  are  too  few  eleotrons  to  form  two  eleotron 
localized  bonds  between  all  pairs  of  nearest  nei^bors.  Ibe  boron  hydrides 
thus  are  small  molecules  on  the  borderline  between  metals  and  non-metals  cmd 
must  be  treated  theoretically  by  some  quantum  mechanical  treatment  emphasizing 
delocalization  of  electrons,  i.e.,  bonds  in  which  the  electrons  are  spread 
over  more  than  two  atoms.  One  such  treatment  has  been  ceurled  out  by  Eberhardt, 

4 

Crawford  and  Lipscomb  using  three-center  bonds.  In  this  approximation  three 
atomlo  orbit€d.s,  centered  on  three  different  atoms,  and  two  eleotrons  form 
a  bond.  This  treatment  accounts  nicely  for  all  the  electrons  and  atomic 
orbitals  available  for  bonding  but  does  not  in  all  oMes  yield  very  good 
dipole  moments  and  charge  distributions.  In  for  instance,  the  three- 

crater  bond  charge  distribution  predicts  atoms  7|  8  and  10  to  be  the  most 

20 

positive  whereas  experiment  indicates  that  atoms  6  and  9  are  the  most  positive 
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Also  in  the  three-center  bond  treatment  yields  a  dipole  moment 

of  6,1  Debyes  whereas  the  experimental  dipole  moment"^'  is  3.52  D,  The 
value  6,1  D  has  been  recalculated  from  the  parameters  of  iioore, 

Dickerson  and  Lipscomb  , 

For  BgHg  a  more  complete  self  consistent  field  linear  combination 

of  atomic  orbitals  molecular  orbital  (SCF-LCAO-IIO)  treatment  has  been 

2 

carried  out  by  Hamilton  ,  yielding  a  charge  distribution  in  closer 
agreement  with  experiment  than  the  three-center  bond  treatment.  Here, 
diborane  was  treated  as  a  four-center,  four-electron  problem, 

V/ith  this  in  mind,  a  modified  LCAO-MO  treatment  has  now  been  carried 
out  for  in  the  hope  that  it  would  yield  a  charge  distribution  and 

dipole  moment  in  closer  agreement  with  experiment  than  the  three-center 
bond  treatment  and  also  in  the  hope  that  it  would  yield  a  better  under¬ 
standing  of  the  {Tsneral  properties  of  delocalized  bonds  in  boron  hydrides. 
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II  Molecular  Geometry 


The  decaborane  molecule  is  shovm  in  Pit'^re  1,  The  boron  atoms  are 
numbered  conventionally  and  the  hydrogen  atoms  are  numbered  to  correspond 
to  the  boron  atoms.  The  lines  connecting  atoms  merely  join  neighbors 
and  are  not  to  be  construed  as  representing  bonds.  Figure  2  shows  the 
ten  borons  and  four  bridge  hydrogens  projected  onto  the  plane  perpendicular 
to  the  tv/o-fold  axis.  The  molecule  has  been  distorted  in  projection  for 
clarity. 

Atomic  coordinates  were  taken  from  Moore,  Dickerson  and  Lipscomb^ 
and  were  transformed  to  fit  the  molecule  with  origin  at  the  midpoint  of 
X  axis  along  O-B^,  z  axis  upward  along  the  two-fold  axis  and  y 
axis  perpendicular  to  the  x  and  z  axes  in  the  usual  right-handed  fashion. 
The  new  coordinates  are  listed  in  Table  1,  Table  2  is  a  list  of  inter¬ 
atomic  distances  and  angles  derived  from  these  coordinates. 
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Table  1,  Atomic  Coordinates.  The  coordinates  of  atoms  in  column  b  are  related 
to  those  in  column  a  the  two-fold  rotation  about  z. 


®l-=2 

-  1.801  % 

®6-^  = 

1.771  2 

B2-H1  =. 

2.613  X 

B1-B3 

1.710 

S6-®8 

3.194 

B2-H2 

1.267 

1.784 

®6“®9 

3.550 

B2-H3 

2.524 

2.895 

B7.B3 

1.772 

B2-H5 

2.684 

3i-B^ 

2.841 

B7-B4 

3.047 

®2-«6 

2.627 

Bg-O 

1.575 

®7"®8 

2.007 

®2‘^ 

2.721 

B2-B3 

1.784 

B7-B9 

3.215 

®2-«ll 

2.515 

B2-B4 

3.045 

®7-"l0 

3.482 

®2-«12 

2.610 

®2-^5 

1.764 

B5-H5 

1.355 

®2'®6 

1.717 

Bi-Hi 

1.161 

V^l 

1.249 

^2-®7 

1.799 

B1-H3 

2.643 

®6-«2 

2.654 

®2-®8 

3.047 

B1-H3 

2.797 

®6-«6 

1.282 

B2-B5 

3.709 

®r«io 

2.616 

®6'«11 

1.505 

^5*^3 

2.811 

®r^i 

2.750 

®6'^2 

1.432 

®5-®6 

1.774 

®r«i4 

2.950 

B7-H7 

1.215 

B5-B7 

2.823 

®7-'^2 

1.394 

V®8 

3.448 

Bg-0 

2.751 

Hg  -0 

2.474 

®6-®3 

2.867 

S"^l 

2.035 

«6-«ll 

2.291 

«6-«12 

2,186 

1.983 

%r«i2 

2.278 

Table  2,  Intera tonic  Distances 
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Ill  Atomic  Orbitals 


To  form  the  molecular  orbitals  it  is  necessary  to  select  suitable 
atomic  orbitals.  Here  it  was  assumed  that  each  hydrOifren  atom  contributes 
one  Is  AO  and  one  electron  and  that  each  boron  atom  contributes  one  23, 
one  2p^,  one  2p^  and  one  2p^  AO  and  3  electrons,  a  total  of  5^  AO's  and 
44  electrons  for  the  molecule.  The  AO's  located  on  each  boron  were 
hybridized  as  3U3\7Gsted  by  the  structure  to  form  tetrahedral  hybrids 
on  atoms  1,  3,  5i  b,  7,  8,  9  and  10  and  trif^nal  hybrids  on  atoms  2  and  4, 
One  hybrid  orbital  from  ea.ch  boron  points  directly  tov/ard  its  terminal 
hydrogen,  Hvio  hybrids  from  each  of  boron  atoms  6  and  9  point  toward 
bridge  hydrogens  and  one  hybrid  from  each  of  atoms  5,  7,  8  and  10  points 
tov/ard  the  nearest  bridge  hydrogen.  The  torriinal  hydrogens  were  assumed 
to  be  bonded  to  the  corresponding  boron  atoms  by  t\i/o-center,  tiro-electron, 
non-polar  bonds  and  the  bridge  hydrogens  were  each  assumed  to  be  bonded 
to  the  b/o  neighboring  borons  by  throe-center,  ti/o-oloctron  bonds.  This 
uses  y?.  atonic  orbitals  and  20  electrons.  The  remaining  l6  electrons  must 
then  be  fitted  into  IIO's  which  are  linear  combinations  of  the  22  remaining 
hybrid  orbitals.  These  hybrids  are  all  boron  (framev/ork)  orbitals  and  are 
shovm  in  projection  in  figure  3,  Orbital  1  is  a  tetrahedral  hybrid  (sp^) 
located  on  boron  6  pointing  toward  boron  2,  Orbital  2  is  a  trigonal 
hybrid  (sp  )  located  on  boron  2  pointing  toward  boron  6,  Orbital  3  is 
an  sp  hybrid  on  boron  2  pointing  tov/ard  the  origin.  Orbital  4  is  a  pure 
p  orbital  on  boron  2  with  its  positive  direction  in  the  direction  of  the 
X  aixis.  Orbital  5  is  an  sp^  hybrid  on  boron  7  pointing  toward  boron  2, 
Orbital  6  is  an  sp^  hybrid  on  boron  7  pointing  tov/p.rd  the  midpoint  of  the 
triangle  formed  by  borons  3#  7  and  8,  Orbital  7  is  an  sp^  hybrid  on  boron 
5  pointing  toward  boron  2,  Orbital  8  is  an  sp^  hybrid  on  boron  5  pointing 
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toward  the  midpoint  of  the  triangle  formed  by  borons  1,  5  and  10,  Orbital  9 
is  an  sp^  hybrid  on  boron  1  pointing  toward  the  midpoint  of  the  triangle 
formed  by  borons  1,  5  and  10,  Orbital  10  is  an  sp^  hybrid  on  boron  1 
pointing  tov/ard  the  projection  of  boron  2  on  the  x-y  plane.  Orbital  11 
is  an  sp^  hybrid  located  on  boron  1  pointing  to'.;ard  the  projection  of 
boron  4  on  the  x-y  plane.  Hybrids  10  and  11  lie  in  the  x-y  plane.  The 
primed  i^brids  are  related  to  the  corresponding  unprimed  hybrids  by  the 
fc;o-fold  axis. 

The  liybrid  orbitals  are  th '  sane  .as  those  used  in  J]berhardt,  Crawford 
end  Lipscomb,  ho’./ever  tlic-  directions  of  the  liybrids  on  atoms  1  and  3  have 
been  altered  slightly  to  m-'ice  them  more  nearly  orthogonal  to  each  other. 
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Figur*  3.  Framework  Hybrid  Orbitals 


IV  Group  Theory  and  Overlap  Integrals 

7 

Cxystallographlc  data  show  to  hare  qmmetzy  althouj^  the 

symmetry  is  so  close  to  that  it  is  oonrenlent  to  use  this  point  group 

O 

in  developing  the  MO's.  The  character  table  for  ist 


The  components  of  this  matrix  are  Xj^(R), 

The  results  of  the  application  of  the  four  symmetry  operations  of 
^2r  hybrid  orbitals  aret 
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The  numbbx’  of  times  an  orbital  transforms  Into  Itself  under  a  given  symmetry 
operation  is  X(r)  -  22,  0,  2  or  4.  The  number  of  symmetry  orbitals  in  each 
representation  is 

^  X(R)  X^(R) 

R 

or 

a(aj^)  -  ^  [22*1+0*1+2»1+4*i]  »  7 

a(a2)  -  ^  [22*1+0*1-2*1-4*i]  .  4 

a(bi)  -  ^  [22*1-0*1+2»1-4*i]  .  5 

a(b2)  -  5  [22‘1-0*1-2*1+4.1  j  .  6. 

The  symmetry  orbitals  are  then  given  by 

Z  Xi(R)  ^ 

R  ^ 

where  Rf  is  the  result  of  operation  R  on  hybrid  orbital  f. 


*2 

^2 

1+1' 

0 

0 

1-1' 

2+2' 

0 

0 

2-2' 

3+3' 

0 

0 

3-3' 

0 

4+4' 

4-4' 

0 

5+5' +7+7' 

5+5' -7-7' 

5-5' -7+7' 

5-5' +7-7' 

6+6' +8+8' 

6+6' -8-8' 

6-6' -8+8' 

6-6' +8-8' 

9+9' 

0 

9-9' 

0 

10+10' +11+11' 

10+10 '-11-11* 

10-10' +11-11' 

10-10' -11+11' 

-  15 


or 


where 


(1+1’) 

*12  -»12(‘»-^’) 

♦2 

-N2 

(2+2*) 

*13  "  ^^3(5-5’ -7+7') 

.N3 

(3+3') 

*14  -  N^4(6-6'-8+8') 

(5+5' +7+7') 

•15  ■ 

^5 

.N5 

(6+6‘+8+8‘) 

^6 

(9+9') 

’7 

(10+10' +11+11') 

*ia  ■ 

*8 

(4+4') 

*19  ■  ''i9(5"3') 

s 

.N9 

(5+5' -7-7') 

♦20  ■  »2o(5-5’*7-7') 

*10 

-  *^10 

(6+6' -8-8') 

*21  ■  >'2i(<-S’+8-8') 

*11 

-Nil 

(10+10' -11-11') 

*22  ■  ■'22(10-10' 

is 

the  noznalizatlon  factor. 

The  N^'s  may  be  determined  from 

■  l-J’n  »n 

In  this  paper  all  the  f’s  are  real  so  the  complex  notation  will  be  omitted. 

All  the  hybrid  orbital  overlap  integrals  were  evaluated  and  are  listed  in 

9 

the  appendix;  These  integrals  are  necessary  for  calculating  the  N^'s  and 
the  symmetzy  orbital  overlap  integrals: 

^nm  -  J  *n  ’m  • 

The  N^'s  are  listed  in  Table  3  and  the  symmetzy  orbited  overlap  integred  values 
are  listed  in  Table  4, 
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The  wave  functioned® 
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"  °lh  *  ®2*2  ®3*5  ®4*4  ■*•  ®5*5  ■*■  °6*6  ®7’7 

\  •  ®8*8  ®9’9  ^  °loho  ■"  ®11^1 

\  •  ®12’l2  °13^13  ■"  ®14*14  +  ®i5h5  ■"  °16^6 

■  ®17’l7  ■*■  ®18*18  *  ®19^19  ■*■  ®20^20  ■*■  ®21*21  "*■  ®22*22 


In  the  eimple  MO  approximation  lead  to  four  sets  of  secular  equations,  that 
is  one  set  of  secular  equations  for  each  representations 

_  / 

(a^-B)Cj^  ♦  L  (Pnm‘®n«®^®m  "  ®»  »  -  1*2  ....  m  ^  n 

ft 

■rhwt  dt, 

and  H  is  the  effective  one>eleotron  Hamiltonian,  xt  must  be  reneBbured  that 

the  ^*s  are  qmmetxy  oxtsitals  and  must  be  written  out  in  terms  of  individual 

atomio  orbitals  in  order  to  evaluate  «_.  Assiimina  p  ■  KS^_t  the  seoxilar 

a  nn  nn 

equations  become 


If  it  is  then  assumed  that  m.  •  at 

n 


-*  'n  *  t  3d.®.  •  ® 


II 
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where  “X  ■  and  S  ■ 

For  both  equations  I  and  II  there  are  7  equations  in  4  in 
5  in  and  6  in  bg. 

Two  calculations  were  carried  out,  one  usinr  values  of  a 

n 

calculated  from  a  simple  charge  distribution  in  decaborane  (Calculation  A) 
and  one  using  values  of  calculated  from  valence  state  ionization 
energies  of  boron  atomic  orbitals  (Calculation  B).  All  solutions  were 
carried  out  on  the  IBtl  704  computer.  A  summary  of  the  results  of 
Calculation  A  appears  in  J.  Chem.  Phys,,  1329  (1961),  E.  B.  Moore,  Jr., 
L.  L.  Lohr,  Jr.,  rind  ’./.  N.  Lipscomb. 


VI  Caloulc.tion  A 


After  all  the  overlap  inte/rrals  S  were  evaluated,  eouations  II 

nm 

v/ero  solved,  'I'he  rssultinr  ch..rge  distribution  wn.s  then  used  to 

r.o’roxiMc-.te  values  of  a  frora  a  foniula  for  r.toni^'  orbital  Coulomb 

n 

intr. Is  su  'posted  by  iioffit  ;uid  modified  for  ti  e  ron  hydrides  by 

4 

-Iber.i  '.rdt,  Cr  n/ford  and  Lipsoo-Ab  t 


£  J  =  -I  +  (I-:)  (’/J  -2) 


v/here  \!^  represents  the  total  electron  density  on  atom  j,  loss  one 

u 

electron  in  the  molecular  orbital  for  which  the  calculation  is  being 

m.',de,  and  I  and  .3  are  the  valence  state  ionization  potential  and  electron 
affinity. 

V/ith  these  values  of  a  and  several  different  values  of  K, 

n 

equations  I  were  solved  on  the  IBII  704,  A  value  of  K  ■  -21  gave 
the  best  results.  The  secular  equations  are  listed  in  Table  5  and  the 
energies  and  liO  confficients  for  all  22  IIO's  are  listed  in  Table  6,  The 
coefficients  are  normalized  accordin'-  to 


J  dt  .  1  . 

The  eight  wave  functions  (bonding)  of  lowest  energy  are  listed  in  Table  ?• 
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Tbble  6.  Calculati<}n  A  Orbital  fiiergy  Values  and  Noxnalized  MO  Coefficients 
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Table  7.  Calculation  A  Bonding  V/ave  Functions  and  Snergies 


VII  Calculation  B 


For  purposes  of  compcji'lson  and  also  to  nuilce  tho  results  more 

reproduciblo,  it  was  docioed  to  repeat  the  calculation  usinc  more 

easily  deriv  d  values  of  a  based  on  valence  state  ionization 

n 

po l'.ei;ti;'.l3  of  boron  atomic  orbitals.  The  v/ere  v/ritten  out  in 

terras  o"  Joulomb  in!;o:,T?.ls  involvin:;  pure  s  end  pure  p  orbitals  only. 

The  a  's  '..’ere  then  evaluated  usin';'  the  values  for  boron  s  end  p 
n 

Coulomb  integral-s  3U'""‘s;Gd  by  ilulliken^^s 

J  ‘aas  «  *323  -  -I5.360V  J  .jjj,  Hjjj,  dt  .  -8.63e». 

Jkuations  I  were  solved  three  different  times  using  K  ■  “25»  "21  and 
-15  ev,  Tho  rcs'^ltin*  eh-x  :e  'i.'.trio'vtionr  -..^ore  ne;'.rly  the  s.":.!.'.'  in 
.?.!  i'.ric  0  hv.'-,  T  =  -15  "  vo  th-  hoBt  dipole  nomont  end  ionization 

voienti'  l,  .'he  rca-lts  in-'i-s- t:-  ih  t  K  =  -12  mipht  have  given  a 
sli'.'htly  ■  ott-rr  dipol-:  romant  .-nd  ioniz.-.tion  poto.';tial  ’.,'ithout 
•'iTectin  r  i'.’.'  ch'.rge  '■'istribution  a  .preciably.  The  secular  equr.tions 
are  ^li’.’en  in  T-,ble  G,  the  orbital  energ;’'  values  end  IIO  coefficients 
for  all  22  .O’s  arc  li-^ted  in  Ta'olo  9  'i'he  bonding  IIO’s  and 
correspon-'in, ■  orbital  energies  .are  given  in  T’.ble  10, 
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Table  8,  Calculation  B  Secul.-ir  liiu-^tions  (symmetric 
about  the  dia.'^onnl) 
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Table  8,  (continued) 
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7111  Population  Jinalyais  rjid  Cht’xge  Pi "^trlbution 

2 

A  population  analysis  ,  carried  out  usin^^  the  ei^ht  lIO's  of  lov/est 
energy  (Tables  7  und  lO),  yields  ne/^ative  charges  associated  with  each 
symmetry  orbital  as  shovm  in  Table  11,  If  the  iiO's  are  written  as 

■ i  -  5  °ni  *n  • 

and  each  IIO  is  assumed  to  be  doubly  occupied,  the  population 
matrix  is  given  by 


2S  V  C  ,C  .  . 
nm  j  ni  mi 


The  !jroaa  atomic  population,  or  sum  of  each  column  or  ro\t  of  the  matrix 


is  a  measiH'e  of  th'  ne.gt'.tive  clie.rge  associated  ’..'ith  each  symmetry 
orbital.  These  charges  may  then  be  rearrcAged  to  8ho\;  the  negative 
charge  associated  with  e;*.ch  boron  atom  and,  ’..’hen  account  is  taken  of 
the  positive  charge  on  each  boron,  to  show  the  net  formal  charge 
aasociated  with  each  boron.  The  net  charge  is  listed  in  T;  ble  12, 
and  8ho’<m  schematicedly  in  Figure  ^  for  Jalculation  B,  The  fractions 
are  the  charges  resulting  from  the  three-center  bond  treatment. 
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A 

B 

-0,677e 

-.547e 

*2 

.652 

.785 

*3 

.749 

.783 

.790 

.752 

^5 

1.346 

1.242 

^6 

.670 

.771 

'7 

1.118 

1.117 

*8 

.898 

.787 

^9 

.653 

.588 

*10 

.000 

.001 

11 

.^50 

.625 

fs 

12 

.741 

.645 

^3 

1.143 

1.223 

’l4 

1.492 

1.497 

'l5 

.588 

,602 

’l6 

.037 

.0^5 

^17 

.787 

.633 

yi 

GO 

.767 

.927 

^9 

.701 

.730 

*20 

,606 

.580 

*21 

.092 

.074 

*22 

1.045 

1.054 

Table  11,  Ne-rative  Charfje  .i9'50cif..ted  with  Sach  Symmetiy  Orbital, 


Calculation  A 


Atoms 

Total 

Ko/?ative 

Charge 

Total 

Positive 

Charge 

Total 

Net 

Charge 

Net  Charge 
Per  Atom 

1.3 

-3.908e 

+4e 

-i-.092e 

+.046e 

2,4 

-4.508 

+4 

-.508 

-.254 

6,9 

-1.464 

+2 

+.536 

+.268 

5,7,0,10 

-6.122 

+6 

-.122 

-.031 

Calculation  3 


1,3 

-4.204e 

+4e 

-.204e 

-.1028 

2,4 

-4.657 

+4 

-.657 

-.329 

6,9 

-1.180 

+2 

+.820 

+ 

m 

o 

5,7,8,10 

-5.957 

+6 

+.043 

+.011 

Table  12.  Formal  Ch?j?ge  Distribution 
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IX  Dipole  Moment 

'"able  13  gives  the  observed  dipole  moment,  the  three-center 
bond  dipole  moment  (ECL)  and  the  LCAO-HO  freunework  dipole  moment. 


Observed  3.1^- 

Throe-center  Bond  6,1 
valcul.ation  A  3.6 

Cr.l  cul  a  ti  on  B  7.3 


Table  13,  Dipole  I  omen t 
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X  DisottSBlon 


12 

The  structure  of  the  electrophilic  substitution  compound  Bxo%2^2* 

which  results  from  the  direct  attack  of  iodine  on  decaborane  Indioatee 

that  boron  atoms  2  and  4  are  the  most  negative.  Similarly  the  structure^^ 

of  atoms  6  and  9  are  the  most  positive, 

that  is,  the  most  susceptible  to  substitutional  attack  by  an  electron 

donor.  The  structure  of  each  of  these  compounds  has  been  determined  by 

means  of  X-ray  diffraction.  The  Interpretation  of  experimental  evidence 

concerning  the  charges  on  atoms  1,  3  and  3«  ?•  B,  10  is  not  yet  entirely 

clear^^’^^’^^’^^  but  recent  results  concerning  Priedel -Crafts  sdkylation^®’^^ 

20  19  20 

of  decaborane  and  nucleophilic  substitution  in  decaborane  suggest  * 
that  the  order  of  charge  excess  is 

(neg)  2,4  <  1,3  <  5,7,8,10  <  6,9  (pos). 

The  charge  distribution  of  Calculation  B  is  in  agreement  with  the  experimental 
charge  order. 

Since  '"leory  and  experiment  indicate  that  the  bridge  hydrogens  in 
•^e  negatively  charged,  it  is  possible  that  the  bridge  hydrogms 
in  <^80  negatively  charged.  With  this  modification,  the  charge 

distribution  for  Calculation  B  becomesi 

2,4  1,3  5,7,0,10  6,9 

-0.329e  -0,102e  -»0,llle  -^0,6100  -0,2e 

No  account  was  taken  of  the  bridge  hydrogen  asymmetry.  This  asymnetiy 
would  make  5,7,8  and  10  more  positive.  With  this  charge  distribution, 
which  also  agrees  with  the  experimental  chcu’ge  distribution,  the  dipole 
momoit  for  Calc\ilation  B  becomes  3*8  B,  in  reasonable  agreement  with  the 
observed  dipole  moment.  The  calculated  dipole  moment  would  be  increased  by 
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breakdovm  of  the  chtir^je  into  Individual  orbital  contributions  and 

decreased  by  electron-electron  repulsions. 

21  22 

Pimentel  and  Pitzer  and  Hoaland  have  measured  the  electronic 
spectrum  of  decaborane,  liaaland  found  that  the  first  transition  is 
polarized  in  the  x  or  y  direction.  This  is  predicted  by  both  Calculation  A 
and  Galcxilation  Bt 


or 


where  and  refer  to  the  syunetry  of  the  complete  v/ave  function  of 
the  excited  state,  is  the  syrmetry  of  the  complete  wave  function  of 

23 

the  ftround  state  both  t^anv^ition3  are  allowed 

If  the  bondin~  lIO’s  are  superimposed  on  Pigure  3  large  bonding,  i,e, 

nodeleos,  rejions  are  evident.  In  five  of  the  eiyht  bonding  150' s  the 

electron  pair  is  sure ‘d  over  all  ten  boron  atons.  In  the  other  three 

bonding  !!0*s  the  electron  pair  is  spread  over  eight  boron  atoms, 

Pinally  it  is  to  be  noted  that  the  absolute  value  of  the  highest 

bonding  orbital  energy  for  C.ilculation  B,  11,1  ev,  corresponds  favorably 

24 

to  the  observed  ionisation  energy,  11,0  ev  as  reported  by  Margrave  and 

25 

10,3  reported  by  Kaufman 

In  conclusion,  a  rather  simple  group  theory  and  110  calculation  has 
yielded  eight  bonding  wave  functions  for  the  16  framework  electrons  of 
decaborane-l4.  The  delocalization  shows  the  mctal-like  nature  of  the 
molecule.  The  highest  bonding  energy  level,  the  charge  distribution,  the 
dipole  moment  and  the  first  two  allowed  transitions  have  been  shown  to  be  in 
agreement  with  experimental  evidence. 
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Appendix 


I  Hew  dtruoturea 

It  should  be  pointed  out  thnt  the  structure  of  a  new  decaborane 
has  recently  been  ’etemined^.  The  new  oompound  has  the  formula 

Also  the  atrjctuTQs  of  nevov.l  boron  hybrids  ions  have  recently  been 

2  X  -  «2  4 

reported  B^Hg  and  3j^2%2  *  structure  of  the  compound 

®10^12^^^^S^2^2  kno\m. 
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II  Hybrid  Orbital  Overlap  Integrals 


Sll. 

0.030 

•23- 

.052 

6  9  -  .084 

2  2' 

.034 

23'- 

.060 

6  9'  -  .621 

3  V 

.214 

25- 

.516 

6  10  -  .158 

4  4* 

-.033 

2  5'- 

.048 

6  10'-  .078 

5  5' 

.046 

2  6  - 

.149 

6  11  -  .096 

6  6' 

.066 

26'- 

.106 

6  11'-  .277 

9  9' 

.179 

29- 

.217 

•9  10  -  .120 

10  10' 

.146 

2  10  . 

.133 

9  10'-  .085 

5  7 

,218 

2  11  - 

.024 

45  -  .375 

5  7' 

.182 

3  5  - 

.385 

4  5'  -  -.016 

6  6 

.090 

3  5'- 

.090 

4  6  -  ,151 

6  8» 

.549 

36  ■ 

.326 

4  6'  -  -,091 

•10  11 

-.125 

36'- 

.167 

4  9'  -  .173 

10  11' 

.463 

3  9- 

,244 

4  10  -  -.239 

1  2 

.735 

3  10  - 

.645 

4  10'-  -.114 

1  2' 

.033 

3  11  - 

.141 

1  3 

.192 

•56- 

.315 

1  3' 

.059 

56'- 

.066 

1  5 

.471 

5  8. 

.106 

1  5' 

.040 

5  8'- 

.167 

1  6 

.175 

5  9- 

,088 

1  6' 

.091 

5  9'- 

.354 

1  9 

.141 

5  10  - 

.205 

1  10 

.192 

5  10'- 

-.039 

1  11 

.005 

5  11  - 

,062 

5  11'- 

,418 

-  44 

mm 

i 


Th«  starred  intagrala  do  not  oaloulmte  to  zero  m  the  hybrid  orbital 
dlreotlona  were  ohosen  to  fit  the  aoleotile  rather  than  exaot 
orthogonalilgr.  The  value  zero  waa  uaed  in  the  oaloulationa,  however. 
In  the  oaae  of  ^  the  apjoreoiable  error  in  orthogonalitgr  entera  the 
oaloulation  mainly  aa  a  rather  email  error  in  •  The  hybrid 
orbital  overlap  integrala  are  not  to  be  oonfuaed  with  the  eynaetiy 
orbital  overlap  integrala  lieted  in  Table  4. 


